ABSTRACT. Objective. To evaluate the safety of fluoroquinolones (FQ) in comparison with other antibiotics in pediatric patients.
F luoroquinolones (FQs) are licensed and widely indicated for use in adults, owing to the agents' broad-spectrum antibacterial activity, their extensive tissue and intracellular penetration, and their suitability for oral administration. 1 These characteristics could also have led to numerous indications and wide use in pediatric patients but did not. [2] [3] [4] Indeed, FQ use in pediatric patients has been contraindicated by regulatory authorities in the United States and the European Union, given the cartilage damage that they cause in juvenile animal models. [5] [6] [7] FQ use has been expanded off-label to pediatric patients with conditions for which no alternative treatment was possible because of bacterial resistance or because other active antibiotics could not be given orally. Unfortunately, this use was not evaluated prospectively for safety with well-designed studies. Case reports of musculoskeletal potential adverse events (PAEs) during FQ use in pediatric patients appeared rapidly. 8 -15 Taking into account the potential benefits and risks of FQs in pediatric patients, different experts 2,3,16 -18 and the American Academy of Pediatrics 19 have recommended prescribing FQs as a second-line antibiotic and restricting their use to a few specific situations, including Pseudomonas aeruginosa infections in patients with cystic fibrosis (CF), prophylaxis and treatment of bacterial infections in immunocompromised patients, life-threatening multiresistant bacterial infections in newborns and infants, and Salmonella or Shigella gastrointestinal tract infections. However, those guidelines were not evidence-based because of the lack of pharmacoepidemiologic surveys on FQ adverse events in pediatric patients. Indeed, interpretation of the results of cohort surveys on FQ use and adverse events in pediatric patients was limited by their retrospective design, 20 -25 the lack of control groups, 20 -24,26 -31 and/or the small number of patients included. 29, [32] [33] [34] [35] [36] Nonetheless, FQ use in pediatric patients has increased as shown in the United States, where 8.4 million prescriptions for ciprofloxacin were written for patients 18 years and younger in 1996. 37 First-line therapy with FQ for invasive diarrhea has been reported. 33 Nelson and McCracken 37 and others 38, 39 have called for clear safety data in this population. We report the results of a large, multicenter, prospective, controlled study describing FQ use in pediatric patients and evaluating antibiotic-associated PAE rates in comparison with controls.
METHODS

Study Design
A multicenter, observational, comparative, cohort study was conducted between May 1998 and September 2000. All French pediatric departments (n ϭ 382) and CF centers (n ϭ 68) were contacted up to 3 times by letter to participate in the study; 145 accepted. All consecutive pediatric patients (age Ͻ19 years) who were receiving FQ were included in each participating center. Descriptive data concerning patients' characteristics (age, medical history of CF, previous exposure to FQ within the last 5 years), the present FQ regimen (drug, dose, indication and bacteriologic findings, justification for use, concomitant drugs), and PAEs were collected prospectively. PAE rates were compared between patients who were receiving FQ and control patients who were given antibiotics other than FQs. The study protocol was approved by the local ethics committee, which concluded that a written consent from the patients and/or their parents was not necessary for this kind of observational research.
Exposure and Controls
Exposure was defined as systemic FQ use, regardless of the regimen prescribed. Exposed patients were allowed to receive other antibiotics or any other drug during FQ therapy. A control, defined as the next consecutive eligible individual after each exposed subject recruited in the same ward, was a pediatric patient who received at least 1 antibiotic other than FQ and who had not received FQ during the 15 days before inclusion. Control and exposed patients could have taken systemic FQ previously. Controls and exposed patients were matched, as much as possible, for age (Ͻ2 years, Ն2 and Ͻ6 years, Ն6 years to puberty onset, and after puberty onset) and medical history of CF or not. A patient could be recruited only once. When it was necessary to prescribe an FQ to a control patient during the study, she or he was transferred into the FQ group.
PAE Definition
For each patient included, the observation period started on day 1 of antibiotic administration and ended 15 days after the last dose. PAEs were recorded prospectively by the investigators and defined as any undesirable event potentially linked to FQs or another antibiotic. Investigators were asked to declare all PAEs in both study groups. Special emphasis was placed on data collection and the causality assessment (with Naranjo algorithm 40 and the French method 41 ) for all patients in whom musculoskeletal events occurred (arthralgia, isolated joint swelling, myalgia, tendinopathy).
Statistical Analysis
Statistical analyses were performed using Epi Info software (Centers for Disease Control and Prevention, Atlanta, GA) and BMDP software (BMDP Statistical Software Inc, Los Angeles, CA). A first analysis was conducted to identify, within the FQ group, risk factors for PAEs and musculoskeletal PAEs. A second analysis was undertaken to compare PAE incidences in the FQ and control groups using the 2-tailed Fisher exact test and the Cornfield 95% confidence interval (CI). The Breslow-Day test assessed potential interactions with age, medical history of CF, previous exposure to FQ within the last 5 years, or number of concomitant drugs. Logistic regression multivariate analysis was performed to take into consideration these 4 potential confounders that were forced into the model. P Ͻ .05 was considered statistically significant.
RESULTS
Recruitment
Among the 145 participating centers, only 73 recruited at least 1 patient: 53 pediatric departments and 20 CF centers. Participating centers recruited 276 pediatric patients who were receiving FQ but only 249 control patients because of matching difficulties. Patients mainly originated from general pediatric wards or CF centers (62%), cancer units (18%), and intensive care units (9%).
FQ Use
Among the 276 pediatric patients who were receiving FQs, 23% were younger than 2 years, 16% were Ն2 and Ͻ6 years old, 31% Ն6 years to puberty onset, and 29% had started puberty. Among them, 233 (84%) had an underlying condition, with the most frequent being CF (33%), followed by malignancy (27%), immunosuppression (9%), neurologic disorders (8%), or urologic problems (6%). Thirty-two percent of the patients had previously received FQ a least once within the past 5 years.
The indications for FQ prescription to patients with CF (n ϭ 90) were active bronchopulmonary infections (93%), bronchopulmonary infections prophylaxis (4%), and sinusitis (2%). Among patients without CF (n ϭ 186), the main indications were bronchopulmonary infections (22%); urinary tract infections (18%); febrile neutropenia (13%); septicemia (12%); Salmonella or Shigella gastrointestinal tract infections (12%); ear, nose, and throat infections (6%); bone or joint infections (6%); and meningitis (5%). Bacteria were isolated from 96% of the patients with CF and 65% of the patients without CF. The main reasons given for using FQs were bacterial resistance to other antibiotics (51%), the possibility of administering the drug per os (PO; 17%), and allergy to other antibiotics (3%). When FQ was started, the number of other drugs that each patient was receiving was 5.2 Ϯ 3.8 (mean Ϯ standard deviation). Nine patients who were critically ill before FQ administration died before the end of the 15-day observation period. Six percent of the patients without CF and 64% of the patients with CF received FQs as outpatients. The FQs prescribed were ciprofloxacin (87%), ofloxacin (9%), and pefloxacin (4%). FQ regimens for each route of administration, PO or intravenous, are reported in Table 1 .
PAEs in the FQ Group
The analysis was performed on 264 (96%) of the 276 patients included in the FQ group because 12 patients were lost to follow-up before the end of the 15-day observation period. They experienced 52 PAEs (an overall PAE rate of 19.7%; 95% CI: 14.9 -24.5) for the population treated with FQ. These events mainly involved the gastrointestinal tract (n ϭ 15), the musculoskeletal system (n ϭ 10), the skin (n ϭ 7), the kidneys (n ϭ 5), and the central nervous system (n ϭ 3). FQs were stopped for 11 children because of PAEs; for 2 of them, rechallenge during the 15-day observation period was negative.
Ten musculoskeletal PAEs were observed in 10 patients, including 2 patients with CF ( Table 2 ). All of these patients were older than 6 years, 80% were female, and 8 had received ciprofloxacin and 2 had received pefloxacin. Musculoskeletal events tended to be more frequent with pefloxacin (18.2%) than ciprofloxacin (3.3%; P ϭ .06). The FQ doses received and their durations were within the same range as those of patients without musculoskeletal events (Tables 1 and 2). The 10 musculoskeletal events were arthralgias of large joints or myalgias; no tendinopathy was observed. They occurred during the first (n ϭ 8) or second week (n ϭ 2) after FQ introduction, and all were transient (maximum 20 days). They were of moderate intensity in 7 patients but led to transient or definitive discontinuation of FQs in 3 patients. Three patients were reexposed to FQ after the 15-day observation period; 1 rechallenge was positive. According to the Naranjo algorithm, 40 the FQ causality in these 10 events would have been considered possible in 9 patients and probable in 1. According to the French method, 41 the FQ causality would have been considered plausible in all 10 events.
Risk Factors for PAE
Among FQ recipients, the number of concomitant drugs (Ͻ or Ն8) was significantly associated with PAE (odds ratio [OR]: 2.6; 95% CI: 1.3-5.2; P ϭ .004). No significant associations with PAE were found with gender, age (Ͻ or Ն6 years), medical history of CF, or previous exposure to FQ within the past 5 years. However, musculoskeletal PAEs were significantly associated with female gender (P Ͻ .05) and age Ն6 years (P ϭ .01).
Control Group
Among the 249 control patients, the age distribution and the percentage of patients with CF did not differ significantly from the FQ group, as expected by the matching process. The most frequent underlying conditions were similar to those of the FQ group. However, significantly fewer patients had previously received FQ at least once within the last 5 years than in the FQ group (9% vs 32%; P Ͻ .001).
The main antibiotics used among controls were amoxicillin ϩ clavulanic acid (12%), ceftriaxone (11%), cefotaxime (10%), amoxicillin (9%), oxacillin (6%), piperacillin ϩ tazobactam (6%), ceftazidime (6%), and vancomycin (4%). The indications for antibiotics among control patients with CF were similar to those of the FQ group. Among control patients without CF, the indications for antibiotics were similar except for more frequent febrile neutropenia (22%; P ϭ .03) and less frequent Salmonella or Shigella gastrointestinal tract infections (5%; P ϭ .01), septicemia (4%; P ϭ .003), or meningitis (0%; P Ͻ .001) than in the FQ group. Bacteria were isolated less often among control patients with CF (77%; P Ͻ .001) and without CF (38%, P Ͻ .001) than from patients who were receiving FQ. Each control patient was receiving significantly fewer drugs other than the antibiotic (mean Ϯ standard deviation, 3.5 Ϯ 2.9) compared with the FQ group (P Ͻ .001). Unlike the FQ group, only 1 control, who was critically ill before antibiotic administration, died before the end of the 15-day observation period (P ϭ .02).
Relative Risk of PAEs
The following univariate and multivariate analyses included data from 237 (95%) of the 249 patients in the control group; 12 patients were lost to follow-up before the end of the 15-day observation period. Forty-seven (18%) FQ recipients experienced at least 1 PAE compared with 13 (5%) control patients, giving an OR for PAEs for the FQ group of 3.7 (95% CI: 1.9 -7.5; P Ͻ .0001). Among patients with CF, 12 (13%) FQ recipients experienced at least 1 PAE compared with 1 (2%) control patient, giving an OR for PAE in the FQ group of 8.3 (95% CI: 1.1-176; P ϭ .001). Among patients without CF, 35 (20%) FQ recipients experienced at least 1 PAE compared with 12 (7%) control patients, giving an OR for PAE in the FQ group of 3.6 (95% CI: 1.7-7.6; P ϭ .0001).
Concerning the relationship between the present exposure to FQ and the occurrence of PAEs, no significant interaction was found for the underlying condition (CF or not; P ϭ .79), age (P ϭ .73), previous exposure to FQ within the past 5 years (P ϭ .86), or number of concomitant drugs (P ϭ .43). Logistic regression analysis was based on the data obtained from only 484 (97%) of the 501 patients who were not lost to follow-up, because of missing data for adjustment criteria. The treatment group (FQ or control) and the following potential confounders were entered into the model: age, underlying condition (CF or not), previous exposure to FQ within the past 5 years, and number of concomitant drugs (Ͻ or Ն8). The adjusted OR for PAE in the FQ group was 3.0 (95% CI: 1.5-5.9; P ϭ .002).
In the control group, only 1 musculoskeletal PAE was recorded, and it occurred in a patient with CF. The crude OR for musculoskeletal PAE in the FQ group was 9.3 (95% CI: 1.2-195; P ϭ .02). Among patients with CF, the OR for musculoskeletal PAEs in the FQ group was 1.2 (95% CI: 0.1-35; P ϭ .99). 
DISCUSSION
The pediatric centers that participated in this study prescribed FQ mainly for patients with severe chronic underlying conditions (eg, CF, malignancies, immunosuppression) for severe infections, most of which involved documented resistant bacteria. Thus, usage seems to be in good agreement with current recommendations. 2,3,16 -19 The increase in the prescription patterns observed in the United States 37 does not seem to have occurred in France Ͼ10 years after FQs were first marketed. It may reflect the efforts to regulate the use of FQs in pediatric patients in France. However, our findings cannot be directly extrapolated to all pediatric and CF wards in France. Center participation was voluntary. This design may have introduced a selection bias concerning the FQ use in these centers. Indeed, centers where FQs are used according to recommendations may have been more likely to participate. Prescription patterns may also have changed as a consequence of this prospective study (Hawthorne effect). These 2 biases might have modified the results obtained in terms of FQ use but could not change those concerning the relative risk of PAEs.
Among patients who were exposed to FQs, the overall PAE rate (18% of the patients) and the safety profile observed in the present study were similar to those reported previously. 20 -23,28 This safety profile also closely resembles that for adults, except for musculoskeletal events. 42 The incidence of musculoskeletal PAEs was low (3.8% of the patients), as described previously, 20,21,28,30 but was much higher than in adults (0.01%-0.2%). 27, 42 In agreement with published data, musculoskeletal events that we observed involved mainly female patients 8, 10, 21, 26, 28, 33, 43 and teenagers. 8 -10,13,21,24,26,28,43 In addition, their clinical characteristics conformed to previous descriptions: they appeared within 2 weeks of starting the FQ 10, 13, 28, 33, 43 and mainly presented as large-joint arthralgias (knees, shoulders, wrists). 8, 9, 13, 23, 24, 26, 29, 30, 33, 43 The outcome was favorable in all cases, as noted by others. 8,9,13,21,22,24,26, 28 -30,33,44 No relationship could be established with FQ dose and duration. This is in contrast with findings in juvenile animals [5] [6] [7] but consistent with previous reports on pediatric patients. 21, 24, 28 The nonrandomized open-label design of our study offers the opportunity to anticipate PAE rates that might be expected in day-to-day practice in other settings. However, our results concern only the 3 FQs studied (ciprofloxacin, ofloxacin, and pefloxacin) and the short 15-day observation period chosen.
The PAE rate that we observed was significantly higher in the FQ group for both patients with and without CF. The rate of musculoskeletal PAEs was also significantly higher for the FQ recipients without CF. The failure to establish a significant relationship between exposure to FQ and the occurrence of musculoskeletal PAEs in patients with CF might be attributable to a lower statistical power in this subgroup or might confirm the particularly good musculoskeletal tolerance of FQ in patients with CF. 45 Musculoskeletal PAEs were much more frequent with pefloxacin (18.2%) than ciprofloxacin (3.3%), and this difference tended toward statistical significance (P ϭ .06). Confounding by indication may have resulted from the nonrandomized design. The presence of this bias is supported by the different frequencies of positive bacterial findings, the distributions of identified species, and the mortality rates of FQ and control groups. We tried to limit this bias by matching patients, but FQs were obviously prescribed to patients who had more severe conditions and were also receiving more concomitant drugs. Therefore, FQ recipients might have experienced more events, resulting from their conditions or their concomitant drugs, which might have led to an overestimation of the PAE crude risk for this group. However, after adjustment for the number of concomitant drugs, the relationship between FQs and PAEs was not significantly modified. An unexpected finding of the present study was that 23% of FQ prescriptions were given for patients younger than 2 years. This rate is much higher than those previously reported [21] [22] [23] 28 but is close to preliminary findings in the United States. 37 According to our data, this population was at lower risk of musculoskeletal PAEs, but they may have been underdiagnosed. Little is known about FQ safety in newborns and infants. 46, 47 However, laboratory findings in juvenile animals indicated that younger animals were at higher risk of cartilage damage. [5] [6] [7] Therefore, future studies perhaps should focus on this age group with long-term follow-up.
CONCLUSIONS
FQ use in the centers that participated in this study was in good agreement with the current recommendations. Short-term PAEs and musculoskeletal PAEs occurred more frequently in association with FQs than other antibiotics, when compared in an observational, nonblinded manner. All of these PAEs were of moderate intensity and transient. In this prospective study of 276 pediatric patients who were exposed to relatively high FQ doses for long durations, no severe or persistent musculoskeletal lesion was observed.
Thus, the status quo recommended by the American Academy of Pediatrics 19 -justifying but restricting the off-label use of FQs in pediatric patients to a limited number of precise clinical situations-is supported by our findings. Any extension of the indications of off-label FQ prescription in pediatric patients should be accompanied by large, long-term cohort studies on their PAEs, particularly in newborns and infants.
